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[57] ABSTRACT 

Before transmitting an upward traffic packet of a long code, 
a mobile terminal sends a short packet including a short code 
to a reservation channel. A base station measures delay of 
each packet by an initial acquisition circuit to establish chip 
synchronization timing and a packet de-multiplexer to sepa- 
rate from each other packets overlapped in time with each 
other. When spreading the long-code packet transmitted via 
a traffic channel from the mobile terminal, information of the 
measured delay time is synchronously despread by setting a 
coefficient at an appropriate point of timing to a matched 
filter. 
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FIG. 4 
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FIG. 5 
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FIG. 11 
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FIG. 15 
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1 

SPREAD SPECTRUM COMMUNICATION 
SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
The present invention relates to a mobile communication 

system and a mobile terminal, and in particular, to a syn- 
chronizing method for synchronizing a spreading code in a 
reverse or upward communication line to be applied to a 
reservation code division multiple access (CDMA) packet 10 
communication system. 

2. Description of the Related Art 

A high-speed synchronizing method in a reverse line of a 
CDMA packet communication system has been described in 
pages 67 to 74 of an article entitled "A Demodulation for 15 
Direct-Sequence Spread ALOHA System", Technical 
Report of the Institute of Electronics, Information and 
Communication Engineers (IEICE), A P95-10 (1995-04). 

FIG. 17 shows a conventional tranceiver section in a 
block diagram. In a mobile terminal, transmission data is 20 
multiplied by a spreading code generated from a PN gen- 
erator 80. The obtained data is transmitted via a high- 
frequency circuit 404 from an antenna 400a. The spreading 
code generated from the PN generator 80 is equal to one 
symbol and such a code will be called "short code" herebe- 25 
low. A receiver section of a base station receives a signal 
from the mobile terminal. The signal received by an antenna 
400b is delivered via a high-frequency circuit 403 to be 
subjected to a correlation process in a matched filter 601. To 
extract received data from a signal outputted from the 30 
matched filter, an initial acquisition circuit 603 detects a 
preamble 202 of a packet, which will be described later, and 
then produces a synchronizing signal. Using the synchro- 
nizing signal produced from the initial acquisition circuit 
603 as a reference signal, a packet de-multiplexer 605 35 
samples the signal from the filter 601 at a symbol period or 
for each symbol to produce an associated value. The signal 
outputted from the de -multiplexer 605 is demodulated by a 
detector circuit 607. 

FIG. 2 shows a format of packets communicated in the 40 
conventional example. The packet includes, as shown in (A) 
of FIG. 2, a preamble 202a of which each bit is "1", a frame 
start delimiter 203a to separate the preamble from data, and 
information data 204a in this order. As can be seen from (B) 
and (C), a short code equivalent to the symbol period is 45 
employed as the spreading code. 

As described above, in the CDMA packet communication 
system proposed according to the prior art, a short code is 
adopted as the spreading code because of restriction of time 
required for acquisition. However, when the short code is 50 
used in the CDMA communication system, interference 
occurs between the spreading codes and hence the number 
of communicable terminals is decreased. Although it is 
desired to employ a long code (having a period of several 
symbols), there arises a problem that the long code requires 55 
a longer period of time for acquisition. To reduce the time 
required for acquisition, it is necessary to utilize a matched 
filter conducting a larger number of operations, which is not 
practical because of limitation of the circuit size. 

Reference may further be made to U.S. patent application 60 
Ser. No. 08/690,819 filed on Aug. 1, 1996 and entitled 
"CDMA MOBILE COMMUNICATION SYSTEM & 
COMMUNICATION METHOD". 

SUMMARY OF THE INVENTION 65 

It is therefore an object of the present invention to provide 
a CDMA communication system having a large capacity of 
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2 

subscribers capable of fast or high-speed acquisition of the 
long code in an upward or reverse link without increasing 
the hardware size thereof. 

In a CDMA communication system according to the 
present invention, the radio channel between a base station 
and a mobile terminal includes a plurality of traffic channels 
to transmit an upward or reverse link data packet (from the 
mobile terminal to the base station) and a downward or 
forward link data packet (from the base station to the mobile 
terminal), a reservation channel to transmit a reservation 
packet indicating a request for allocation of a traffic channel 
from the mobile terminal to the base station, and a reply 
channel to transmit a reply packet indicating a traffic channel 
for data communication from the base station to the mobile 
terminal. The CDMA spread spectrum is applied to each of 
the reservation, reply, and traffic channels. 

A mobile terminal having a request for data transmission 
sends a reservation packet at timing synchronized with 
reference timing on the reservation channel. To specify a 
transfer channel and transfer timing to be used by each 
mobile station, the base station transmits a reply packet via 
the reply channel. Each mobile terminal communicates a 
data packet at the specified timing via the traffic channel 
specified by the reply packet. 

Additionally, a pilot channel is disposed in the downward 
direction (from the base station to mobile terminals) to 
transmit via the pilot channel a pilot signal of which each bit 
is fixed to "0" or "1". Each mobile terminal continuously 
keeps synchronization with the pilot signal. Since data 
packets on each of the downward reply and traffic channels 
are transmitted in synchronism with the pilot signal, the 
mobile terminal can despread signals on each of the reply 
and downward traffic channels in accordance with the timing 
of pilot signal kept synchronized with the mobile terminal. 

In a favorable mode of embodying the present invention, 
each of the reply, traffic, and pilot channels is assigned with 
a unique long code (a pseudo noise (PN) is assigned as the 
spreading code) and the reservation channel is assigned with 
a short code. 

The mobile terminal establishes transmission reference 
timing for the reservation and upward traffic channels 
according to the pilot signal. The point of timing of arrival 
at the base station of the reservation and upward traffic 
packets sent from the mobile terminal in synchronism with 
the reference timing is delayed relative to the reference 
timing of the base station for a period of propagation delay 
due to the distance of upward and downward packet propa- 
gation between the mobile terminal and the base station. The 
base station despreads by a matched filter (MF), which 
changes a coefficient with the symbol period, the signals 
spread according to the long code. Consequently, when the 
timing difference exceeds the one -symbol time between the 
reception timing of the upward traffic packet and that of the 
base station due to the propagation delay, the desp reading 
process cannot be normally accomplished, namely, the sig- 
nals cannot be demodulated. 

To solve the problem, a short code is allocated to the 
reservation channel because it is unnecessary to alter the 
matched filter coefficient. The base station identifies by the 
matched filter the signals of a plurality of reservation 
packets sent from the plural mobile terminals, the packets 
being overlapped with each other with respect to time. The 
base station then conducts bit signal processing for each 
packet and measures the propagation delay time thereof. 
Using the measured delay time, the reception timing of the 
upward traffic packet is adjusted with the one-symbol pre- 
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cision to thereby accomplish the despreading process at a FIG. 15 is a block diagram showing the configuration of 

high speed for the upward traffic channel to which the long a mobile terminal in the second embodiment of the CDMA 

code is allocated. mobile communication system according to the present 

According to a first embodiment of the present invention, invention; 

the propagation delay time measured on the reservation s FIG. 16 is a block diagram showing another configuration 

channel is used to predict the packet propagation delay time of a traffic channel receiver in the base station of the CDMA 

for the upward traffic channel so as to achieve the high-speed mobile commun i cat jon system according to the present 

acquisition by the matched filter for traffic channel which invention- and 

changes the coefficient for each symbol or with the symbol ' . fl . , 

. J FIG. 17 is a diagram showing the configuration of a 

A ' - j ij. 4 c *u ♦ 10 transmitter-receiver in conventional technology. 
According to a second embodiment or the present 

invention, the propagation delay time measured on the DESCRIPTION OF THE PREFERRED 

reservation channel is notified via the reply channel to the EMBODIMENTS 

pertinent mobile terminal. According to the propagation 

delay time, the mobile terminal then corrects the transmis- 15 Description will be given of the first embodiment by 

sion timing of the upward traffic packet to achieve the herring to ^ \ FIG - 1 » * **p™ *™ explaining the 

high-speed acquisition by a matched filter for traffic channel, rece P tion timin S of an uP war ? traffic P acket * According to 

the filter changing the coefficient with the symbol period. thc P rcsent invention, the packet is transmitted in synchro- 

Furthermore, according to the first and second embodi- nism ™ th a Predetermined point of reference timing. The 

mentsof the present mvention, the traffic channel receiver of ^ base station continuously transmits pilot signals spread in 

the base station includes a packet de-multiplexer and a a ^ dm S to a J N se£ * uence ^havmg an appropna e 

mixer. In the configuration, signals which are sent via a f enod ° n the downward cornmumcation line. Each mobile 

multiple channel and which are overlapped in time with each en ™ al T 11 - * P ? ^ u t u Synch !° mZm ^ 

other are detected and are mixed with each other to thereby (reference) signal so as to synchronize with a reply signal 

* n a i-t? +■ ru ■„ „„,.w„„*i„ : *ul and a downward traffic signal from the base station. On the 

carry out a RAKE reception. This resultantly improves the 25 , . * , ... j- . „t_ 

/ - . % . , . 1 j . nt - other hand, due to the propagation distance, there appears a 

probability of acquisition and the signal- to-noise ratio. . / * • \m c fu u 

r j » difference in time between frame timing 102 of the base 

BRIEF DESCRIPTION OF THE DRAWINGS station and frame timing 103 of the mobile terminal. 

These and other objects, features and advantages of the Therefore, when the base station receives a reservation 

present invention will become more apparent in view of the 3Q packet 104 sent from the mobile terminal, there exists 

following detailed description of the preferred embodiments propagation delay time Atl associated with the distance, 

in conjunction with accompanying drawings in which: The base station receives, according to a scheduling 

FIG. 1 is a diagram for explaining operation of the first algorithm specified by the reply packet 105, an upward or 

embodiment according to the present invention; reverse link traffic packet 107 sent from the mobile station. 

FIG. 2 is a diagram showing the layout of the reservation 35 In this operation, according to propagation delay Atl mea- 

packet of the present invention; surcd at reception of the reservation packet 104, the base 

FIG. 3 is a diagram showing the layout of the traffic station starts receiving the traffic packet 107 when Atl lapses 

packet of the present invention; after a refcrence P omt of time 106 ' 

FIG. 4 is a block diagram showing the configuration of a FIG. 2 shows the layout of the reservation packet and the 

base station in the first embodiment of the CDMA mobile 40 spreading code allocated thereto. The packet and the code 

communication system according to the present invention; are ^ samc 35 those of ^ P nor art ™ d hence will not be 

FIG. 5 is a block diagram showing the configuration of a described, 

mobile terminal in the first embodiment of the CDMA FIG. 3 shows the layout of the traffic packet and the 

mobile communication system according to the resent spreading code allocated thereto. As shown in (A) of FIG. 3, 

invention- 45 ^ traffic packet includes a preamble 2026 of which each bit 

FIG. 6 is a diagram showing the configuration of a f ^ >* &™f st f l deUmite / 2(»Mo separate the preamble 

reservation channel receiver of the base station; fr ™ ^ ™ d formation data 2046 in this order beginning 

FIG. 7 is a diagram showing the configuration of a traffic at *" st J 0 "?, of * e , I f (C > Sh ° WS 

, 1 • r fu u * f * spreading code allocated to the traffic packet. The period of 

channel receiver of the base station; r & , . „ t : T 4U t - f . 

w „ „ . - . u • Ii_ c r 50 spreading code thus allocated is equal to that of the traffic 

FIG. 8 i is a diagram showing the configuration of a ^ * ^ ^ ^ packet 1W considerably 

matched niter, varies ffom the reservalion pac ket 104. Namely, looking at 

FIG. 9 is a diagram showing the configuration of an initial oae symbol 205 ^ the traffic packct> it ^ to bc appreciated 

acquisition circuit in the channel receiver; . tfaat the symbol 205 ^ spread by a spreading code wnich is 

FIG. 10 is a diagram showing the configuration of a 5S ^ mni f rom that used for the other symbols, 

packet de-multiplexer in the channel receiver; FIG. 4 is a diagram showing an example of the configu- 

F1G. 11 is a schematic diagram showing operation of the ration 0 f tne base sta tion in a CDMA radio communication 

packet de-multiplexer; system to which the present invention is applied. The base 

FIG. 12 is a diagram showing the configuration of a station is connected via a network interface 422 to a mobile 

propagation delay measuring circuit in the reservation chan- 60 communication network 423. A packet controller 419 

nel receiver; receives a transmission signal 421 from the network inter- 

FIG. 13 is a diagram for explaining operation of the face 422 and then sends a reply signal 513 or a downward 

second embodiment according to the present invention; (forward link) traffic signal 514 to the pertinent mobile 

FIG. 14 is a block diagram showing the configuration of terminal. Moreover, the packet controller 419 receives an 
a base station in the second embodiment of the CDMA 65 upward (reverse link) traffic signal 515 and then sends a 

mobile communication system according to the present received signal 420 to the network interface 422. 

invention; Additionally, the packet controller 419 obtains a reservation 
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signal 516 on the received reservation channel to schedule 
data transmission to a terminal having a request for data 
transmission. The scheduling is accomplished by sending a 
reply signal to the mobile terminal having transmitted the 
reservation signal. 

A clock generator 411 generates a chip clock signal 414. 
The chip clock 414 is employed as a clock signal for a PN 
generator (long code) 415 and the like. A clock divider 412 
divides the chip clock 414 generated from the clock gen- 
erator 411 to produce a symbol clock signal 413. In this 
connection, to reset the clock divider 412, there is used a 
frame clock signal 408 generated from the PN generator 415 
for the pilot signal, which will be described later. 

The base station sends a pilot signal 512, a reply signal 
513, and a downward traffic signal 514. These signals are 
respectively multiplied by spreading codes (long codes) 
generated respectively from the PN generators 415, 416, and 
471-1 to 471 -m, the spreading codes being mutually syn- 
chronized with each other. The resultant signals are added to 
each other by adders. The superimposed signal is then 
transformed into a signal having a carrier frequency by a 
high-frequency circuit 403 to be transmitted via a circulator 
401 from an antenna 400. Moreover, the PN generator 415 
for the pilot signal generates a frame clock signal 408 having 
a period of the long spreading code. 

A signal received by the antenna 400 is inputted via the 
circulator 401 to a high-frequency circuit 402 to be con- 
verted into a base-band spread spectrum signal. The base- 
band signal 404 is supplied to a reservation channel receiver 
405 and traffic channel receivers 409-1 to 409 -m. 

The reservation channel receiver 405 separates a reserva- 
tion signal from the base-band signal 404 so as to output the 
reservation signal to the packet controller 419 and a function 
to output propagation delay information 407 of each reser- 
vation packet to the traffic channel receiver 409 correspond- 
ing thereto. 

The traffic channel receiver 409 receives the propagation 
delay information 407 from the reservation channel receiver 
405 to predict reception timing of a traffic packet to be 
received. The traffic channel receiver 409 demodulates the 
base-band signal 404 according to the predicted reception 
timing to produce an upward traffic signal 515. The signal 
515 is then fed to the packet controller 419. 

FIG. 5 shows an example of the configuration of a mobile 
terminal related to the base state shown in FIG. 4. A signal 
received by an antenna 400 is inputted via a circulator 401 
to a high-frequency circuit 403 to be demodulated into a 
base -band spread spectrum signal. The signal is multiplied 
by multipliers by PN (long) codes respectively generated 
from PN generators 415 to 417 of the respective channels. 
Namely, a despreading process is conducted for the signal. 
The signals thus obtained are accumulated for a fixed period 
of time by an accumulator 506 to be demodulated into 
received data, A reply signal 513 and a downward traffic 
signal 514 in the packet format are transformed by a packet 
controller 419 into original data to be sent as a received 
signal 420 to a user interface 510. The user interface 510 
conducts signal processing for the received signal 420 and 
then outputs the obtained signal to an input/output interface 
511. 

Conversely, when a signal is inputted from the interface 
511, the user interface 510 accordingly outputs a transmis- 
sion signal 421 to the packet controller 419. The controller 
419 then transmits a reservation signal 516 to the base 
station to notify the request for transmission. A response 
from the base station is notified by a reply signal 513. 
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Reading the reply signal 513, the packet controller 419 
transmits, according to a scheduling algorithm indicated by 
the base station, an upward traffic signal 515 including a 
packet of the transmission signal 421. The pilot signal 512 

5 is continuously transmitted from the base station. A delay 
lock loop (DLL) controller 507 keeps synchronization 
according to the pilot signal. The DLL controller generates 
a system clock signal 506 to be inputted to the respective PN 
generators (only the PN generator 415 is shown in FIG. 5). 

10 The system clock 506 is equivalent to the chip clock in the 
base station and is used to establish synchronization between 
operations respectively of the base station and the mobile 
terminal. The PN generator (long code) 415 for despreading 
the pilot signal generates a frame clock signal 509 having a 

15 period of the long code. The frame clock 509 is fed to the 
reset terminal of each PN generator to synchronize PN 
generators (long code) 416, 417, 504, and 505 with each 
other. The upward or reverse link traffic signal 515 is 
multiplied by a multiplier by a spreading code (long code) 

20 generated from the PN generator 504, i.e., a spectrum 
spreading process is carried out for the signal 515. The 
reservation signal 516 is multiplied by a multiplier by a 
spreading code (long code) generated from the PN generator 
505, i.e., a spectrum spreading process is carried out for the 

25 signal 516. The upward traffic signal and the reservation 
signal having the spreading process are then added by an 
adder to each other to be transmitted via a high-frequency 
circuit 404 and a circulator 401 from an antenna 400. 
FIG. 6 shows the configuration of the reservation channel 

30 receiver 405. The receiver 405 despreads the base -band 
signal 404 inputted thereto to produce reservation signals 
406-1 to 406-w. Additionally, the receiver 405 measures the 
values of propagation delay time 407-1 to 407 -m of the 
respectively multiplexed reservation packets. 

35 The base -band signal 404 is transformed by a matched 
filter 601 into a signal of correlation value 602. The output 
signal 602 is inputted to an initial acquisition circuit 603 and 
a packet de-multiplexer 605. Hie acquisition circuit 603 
establishes the chip synchronization in association with the 

40 preamble field of the packet to produce a chip synchroni- 
zation timing signal 604. Using the signal 604, the 
de-multiplexer 605 de -multiplexes the correlation value 
signal 602 to separate from each other the packets over- 
lapped in time with each other. The values of chip timing 

45 58-1 to 58 -m and received signals 59-1 to 59-m of the 
separated packets are fed to propagation delay measuring 
circuits 606-1 to 606-m, respectively. The circuit 606 mea- 
sures the propagation delay time of each separated packet 
according to the frame clock 408 to produce information of 

so propagation delay time 407. Detectors 607-1 to 607-m 
respectively detect the separated packets to thereby demodu- 
late the reservation signals 406. 

FIG. 7 shows the configuration of the traffic channel 
receiver 409. The receiver 409 despreads the inputted base- 

55 band signal 404 to produce a traffic signal 410. According to 
an aspect of the embodiment, the despreading process is 
conducted according to the information of propagation delay 
time of the reservation packet transmitted from the same 
mobile terminal. When reset in response to the frame clock 

60 408, a timer 701 sets the information of propagation delay 
407 to its initial value and then receives the chip clock 414 
to decrement the value. When a period of time associated 
with the propagation delay lapses, the timer 701 activates the 
PN selector 702. While the matched filter of the reservation 

65 channel receiver 405 uses the short code PN sequence and 
hence operates with a fixed coefficient, the matched filter of 
the traffic channel receiver 409 uses the long code PN 
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sequence and it is therefore required to alter the coefficient 
thereof for each symbol. The PN selector 702 is provided to 
vary the coefficient of the matched filter. 

The PN selector 702 outputs a PN signal (spread code 
coefficient) 704 and a matched filter coefficient load signal 
703 to the matched filter 601 to set the spread code for the 
traffic channel to the coefficient of the filter 601 for each 
symbol period. The initial acquisition circuit 603 of the 
traffic channel receiver 409 is the same as that of the 
reservation channel receiver 405. A packet de-multiplexer 
605' is responsive to the chip synchronization timing signal 
604 generated from the initial acquisition circuit 603 to 
sample for each symbol period signals outputted from the 
matched filter and then outputs a chip timing signal 58 and 
a received signal 59 of the separated packet to a delimiter 
detector 705. The difference between the packet 
de-multiplexer 605' and that of the reservation channel 
receiver 405 resides in that only one of the packets multi- 
plexed with respect to time is separated by the 
de-multiplexer 605'. The delimiter detector 705 detects a 
frame start delimiter 2036 in the packet configured as shown 
in FIG. 3 to input only control or information data 2046 to 
a detector 608. The detector 608 detects each separated 
packet to produce a traffic signal 410. 

FIG. 8 shows the fundamental configuration of the 
matched filter 601. The filter 601 includes a plurality of 
cascaded delay elements 801 which each have delay time t 
equal to the chip duration of PN sequence, a plurality of 
coefficient registers 805, a plurality of coefficient delay 
elements 806, and a plurality of coefficient multipliers 802 
respectively connected to an input tap of an initial stage and 
output taps of the respective delay elements. A signal 404 
inputted to the filter 601 is propagated sequentially through 
the delay elements 801. When the signals 404 outputted 
from the taps match the value set to the coefficient register 
805, the outputs from the respective coefficient multipliers 
802 have the same sign. Consequently, a correlation value 
output 602 attained by an adder 803 as the total sum of the 
outputs from the coefficient multipliers 802 takes a peak 
value. At any timing other than the timing described above, 
the outputs resultant from the multiplying operations have 
mutually different signs and hence the correlation value 
becomes smaller. To cope with the despreading process of 
the long code, the matched filter of FIG. 8 has a function to 
receive the matched filter coefficient load signal 703 and the 
PN signal 704 from the PN selector 702 shown in FIG. 7 to 
thereby update the values of the coefficient registers 805. 
The coefficient delay element 806 reads the PN code from 
the PN selector 702 in a code-by-code fashion to deliver the 
code thereto. When the coefficients are completely fed to the 
delay elements 806, the matched filter coefficient load signal 
703 is turned on to load the values of the coefficent delay 
elements 806 into the related coefficient registers 805. 

FIG. 9 shows the detailed configuration of the initial 
acquisition circuit 603. The circuit 603 includes a cyclic 
adder 901, a threshold comparator 904, and a time window 
processing unit 905. Moreover, the cyclic adder 901 includes 
an adder 902 and a delay element 903. The element 903 has 
delay time Ts set to a period of time equal to one symbol. 
The delay element 903 has a reset terminal to receive the 
frame clock 408 so as to be cleared for each frame of the 
packet. The correlation value 602 outputted from the 
matched filter 601 is added by the adder 902 to the signal 
advanced one symbol in time and then the result is inputted 
again to the delay element 903. The correlation value 602 
associated with the preamble field of which each bit is "1" 
is cyclically added as described above. Consequently, the 
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amplitude of correlational peak value outputted from the 
matched filter 601 for each symbol period is increased as the 
number of cyclic additions becomes greater. On the other 
hand, the noise is random and hence is relatively reduced 

5 when compared with the peak value. The threshold com- 
parator 904 decides whether or not the output from the adder 
902 exceeds the threshold value. Only when the threshold 
value is exceeded, the threshold comparator 904 is turned on 
(state of "1"). The time window processing unit 905 vali- 

10 dates the output signal from the comparator 904 only during 
a period of time in which the preamble 202 of the packet can 
be received according to the frame clock 408 (the predicted 
propagation delay time and the reception period of preamble 
field) to output the signal as a chip synchronization timing 

15 signal 604 therefrom. 

FIG. 10 shows an example of the construction of the 
packet de-multiplexer 605. The chip synchronization timing 
signal 604 attained from the initial acquisition circuit 603 is 
inputted to an AND gate 50. The AND gate 50 has another 

20 input terminal which is off in the initial state. Due to the 
inverted or negation signals inputted thereto, the AND gate 
50 is opened by the signal outputted from the comparator to 
set the output signal from the gate 50 to the on state ("1"). 
The on signal from the AND gate 50 is then fed to AND 

25 gates 52a and 53a. 

The AND gate 53a includes another input receiving an 
inverted signal of an output signal from a register 51a. In the 
initial state, the output from the register 51a is off ("0"). 
Therefore, when the output from the AND gate 50 is set to 

30 the on state, the output from the AND gate 53a is also set to 
the on state. The on state ("1") of the AND circuit 53a is 
inputted as an enable signal to a timing generator 54a. The 
value of a counter 60 at this moment is set to a timing 
register 54a as a value to indicate the acquisition timing. The 

35 counter 60 conducts the counting operation with the chip 
period of the PN code. In the counting operation, when the 
reset input of the symbol clock 41 is received, the counter 60 
is restored to the initial value according to the symbol period 
to conduct the counting operation. 

Additionally, the on signal from the AND gate 53a sets a 
register 51a to the on state, the register 51a controlling other 
inputs of the AND gates 52a and 53a. The register 51a keeps 
the on state until the register 51a is reset by the frame clock 

45 408 at the initial point of the next frame. During the period 
(from when the AND gate 53a is set to the on state to when 
the initial point of the next frame is recognized), the register 
51a keeps the AND gate 53 in the closed state to prevent 
another value from being set to the timing register 54a. 

50 The acquisition timing value set to the timing register 54a 
is compared by a comparator 55a with the signal outputted 
from the counter 60. Each time the value of counter 60 is 
equal to the value (acquisition timing) set to the timing 
register 54a, the comparator 55a is set to the on state. The 

55 on-state signal outputted from the comparator 55a is input- 
ted to an enable terminal of a data register 57a via an AND 
gate 56a which is in the open state when the register 51a is 
on. As a result, the signal outputted from the matched filter 
at the acquisition timing is inputted to the data register 57a 

60 and is then outputted therefrom as a received signal 59a. 
Description will now be given of a case in which the 
matched filter outputs the next peak value when the register 
51a is on. In this situation, the chip synchronization signal 
604 from the acquisition circuit as well as inverted signals 

65 of output signals from AND gates 56a, 56b, and 56c are 
being supplied to the AND gate 50. As described above, the 
AND gate 56a produces an on-state output signal when the 
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value of counter 60 is equal to the value set to the timing 
register 54a. Therefore, the AND gate 50 is kept closed at 
the acquisition timing set to the timing register 54a. In this 
state, the AND gate 50 is opened when a peak value input 
is received from the matched filter at a timing other than the 
acquisition timing above. 

The on signal from the AND gate 50 is sent via the AND 
gate set to the open state by the output from the register 51a 
and the AND gate 536 set to the open state by the output 
from the register 516 to an enable terminal of a timing 
register 546 in the subsequent stage. Resultantly, the value 
outputted from the counter 60 is set to the timing register 
54b. At this time, the register 51b is set to the on state and 
prevents, through an operation similar to that of the register 
51a in the preceding stage, another value from being set to 
the register 54b until the frame is terminated. 

The timing registers 54a to 54c of the respective stages 
operate in a mutually similar manner such that the output 
signal from the matched filter corresponding to each reser- 
vation packet is kept in the associated data register 57a, 51b, 
or 57c for each symbol. The signals are then outputted 
therefrom as received signals 59a to 59c, respectively. The 
example of FIG. 10 includes the timing registers 54a to 54c 
in the three-stage structure. Consequently, three acquisition 
timing values can be memorized for three leading packets 
selected in the generation order from a plural packets 
generated in an overlapped manner with respect to time. 

FIG. 11 shows in a schematic diagram a specific example 
of the de-multiplexing operation. In this example, three 
packets for which the spreading process is conducted with a 
process gain set to 3 and of which the packet length is five 
symbols are de -multiplexed by the circuit configuration 
shown in FIG. 10. The outputs of chip synchronization 
timing signal 604 from the initial acquisition circuit 603 are 
denoted as 62«a to 62ae (packet 61a), 626a to 62be (packet 
616), and 62ca to 62ce (packet 61c). The outputs from the 
AND gates 53a to 53c are indicated as 63a to 63c, respec- 
tively. The outputs from the registers 51a to 51c are respec- 
tively represented as 64a to 64c. The outputs from the timing 
registers 54a to 54c are denoted as 66a to 66c, respectively. 
The outputs from the AND gates 56a to 56c are respectively 
indicated as 67a to 67c. 

When the output signal 63a is received from the AND 
gate 53a, the timing register 54a is loaded with the value "2" 
(65a) from the counter 60. Thereafter, the AND gate 56a 
produces an on-state signal at a timing when the output value 
66a from the timing register 54a is equal to that from the 
counter 60 (67a). 

Similarly, in response to the output values 636 and 63c 
respectively from the AND gates 536 and 53c, the timing 
registers 546 and 54c are respectively loaded with the values 
"3" (656) and "1" (65c) from the counter 60. Thereafter, the 
AND gates 566 and 56c produce on-state signals as the 
outputs 676 and 67c at timing when the output values 666 
and 66c from the timing registers 566 and 56c each become 
equal to that from the counter 60 (676, 67c). 

FIG. 12 shows the configuration of the propagation delay 
measuring circuit 606. A delimiter detector 705 detects the 
frame start delimiter 203 in the packet configured as shown 
in FIGS. 2 and 3 to output only the information data 204 as 
received data. At the same time, the circuit 705 notifies a 
propagation delay accumulator 71 with the timing of detec- 
tion of the delimiter 203. The accumulator 71 measures the 
propagation delay time in the one-symbol unit or for each 
symbol. A symbol counter 70 is a counter which is reset at 
the first point of each frame and which conducts the counting 
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operation in the symbol unit. The accumulator 71 obtains the 
delay of the packet for each symbol according to the value 
of the symbol counter 70. The point of time when the 
delimiter is detected is used as a reference point of the 

5 operation. The propagation delay time of the packet detected 
for each symbol by the propagation delay accumulator 71 is 
added to the propagation delay time of the packet attained in 
the chip unit or for each chip by the packet de-multiplexer 
605 (i.e., the output from the timing register 54 of FIG. 10). 

10 The period of time required for the processing in the receiver 
is then subtracted from the result of the addition to thereby 
produce the delay time information 407 of the traffic packet. 

FIGS. 13 to 15 shows the second embodiment according 
to the present invention. FIG. 13 is a diagram for explaining 

15 the reception timing of the upward or reverse link traffic 
packet in the second embodiment. In this embodiment, the 
base station starts the despreading process at a point of 
timing when a predetermined maximum delay atmax lapses 
after the reference point of timing. At reception of a reser- 

20 vation packet, the base station measures delay time At2 and 
subtracts the delay time from the maximum delay time 
Atmax to produce a delay control signal representing the 
resultant value, i.e., Atmax-At2. The control signal is noti- 
fied to the mobile terminal by the reply packet 105'. The 

25 mobile terminal decodes the delay control signal in the reply 
packet to transmit an upward traffic packet when the time 
(Atmax-At2) indicated by the delay control signal lapses 
after the reference point of timing. Thanks to the correction 
of delay by the mobile terminal, the base station can initiates 

30 receiving the upward traffic packet 107 at timing delayed 
Atmax relative to the reference timing. 

FIG. 14 shows the configuration of the base station in the 
second embodiment. In the embodiment, the delay time 
information 407 measured according to the reservation 

35 packet is passed to the mobile terminal by the reply signal 
513. On the basis of the delay time information 407, the 
mobile terminal corrects the propagation delay to send data 
with the corrected delay via the upward traffic channel. In 
FIG. 14, the same circuit constituent elements as those of 

40 FIG. 4 are assigned with the same reference numerals and 
achieve the same functions as those of FIG. 4. 

In the second embodiment, the delay time information 
407 measured by the reservation channel receiver 405 is 

45 subtracted from the maximum delay time 450 to attain the 
delay control signal 451. The signal 451 is mixed with a 
reply signal 513 by a mixer 452 to be transmitted to the 
mobile terminal. When the upward trafBc packet sent from 
the mobile terminal with a delay time corresponding to the 

50 delay control signal 451 is received by the base station, the 
propagation delay of the packet is virtually equal to the 
maximum delay time 450. After a lapse of the maximum 
delay time 450, a PN selector 702 of each of the trafBc 
channel receivers 409-1 to 409-m initiates its operation. 

55 FIG. 15 shows the construction of the mobile terminal in 
the second embodiment. The same circuit constituent ele- 
ments of FIG. 15 as those of FIG. 5 are assigned with the 
same reference numerals and achieve the same functions as 
those of FIG. 5. A delay control signal decoder 550 obtains 

60 a delay control signal from the reply signal 513 to output the 
control signal to a delay controller 552. The delay controller 
552 delays the data for a period of time relative to the 
reference timing indicated by a frame clock 509, the period 
of time being indicated by the delay control signal 551. 

65 FIG. 16 shows another example of the configuration of the 
reservation traffic channel receiver 409. Applied to a reverse 
link traffic receiver 409 shown in FIG. 16 is the RAKE 
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reception. Also in FIG. 16, the same circuit constituent 
elements as those of FIG. 7 are assigned with the same 
reference numerals and achieve the same functions as those 
of FIG. 7. According to this configuration example, as in the 
reservation channel receiver 405, packets overlapped in time s 
with each other are de-multiplexed or separated from each 
other by a packet de-multiplexer 605 in the traffic channel 
receiver 409. The de-multiplexed signals from the 
de-multiplexer 605 are mixed with each other by a RAKE 
receiver 750. 10 

The receiver 750 includes a plurality of delimiter detec- 
tors 701-1 to 701-/I and detectors 607'-l to 607'-«. Signal of 
each separated packet from the de-multiplexer 605 are 
detected to be mixed with each other by a mixer 757. 

While the present invention has been described above in 15 
conjunction with the preferred embodiments, one of ordi- 
nary skill in the art would be enabled by this disclosure to 
make various modifications to this embodiment and still be 
within the scope and spirit of the invention as defined in the 
appended claims. 20 

What is claimed is: 

1. A spread spectrum communication system, in which 
spread spectrum communication is conducted between a 
master station and a subordinate station, wherein: 

25 

the subordinate station establishes a frame synchroniza- 
tion according to a downward reference signal trans- 
mitted from the master station and sends an upward 
control signal according to the frame synchronization, 

the master station derives a propagation delay time on a 3Q 
radio channel from a relationship between a downward 
control signal and the upward control signal, 

the subordinate station transmits an upward data signal in 
synchronism with a frame synchronizing signal, and 

the master station receives the upward data signal at 35 
timing in accordance with the propagation delay time; 
said spread spectrum communication system compris- 
ing: 

a downward pilot channel for transmitting a reference 
signal in a downward direction from the master 4 q 
station to the subordinate station; 

an upward control channel which is spread by a spread- 
ing code having a repetition period substantially 
equal to one -symbol time for transmitting data in an 
upward direction from the subordinate station to the 45 
master station; and 

an upward traffic channel which is spread by a spread- 
ing code having a repetition period longer than the 
one-symbol time; 
wherein the master station comprises: 50 

a first matched filter for receiving the upward control 
channel, 

a second matched filter for receiving the upward traffic 
channel having a configuration for changing a coef- 
ficient thereof for each symbol, 55 

a mechanism which measures a propagation delay by 
comparing timing of a signal demodulated by the 
first matched filter with reference timing used in the 
master station, and 

a mechanism which controls timing of changing a 60 
coefficient of the second matched filter according to 
a result of measurement of the propagation delay; 
and 

the subordinate station comprises: 

a mechanism which extracts the reference timing of the 65 
master station by receiving the reference signal via 
the downward pilot channel, and 
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a mechanism which transmits an upward data signal to 
the upward traffic channel in synchronism with the 
reference timing extracted from the downward con- 
trol signal 

2. A spread spectrum communication system according to 
claim 1, further comprising: 

a data structure in the data transmitted from the subordi- 
nate station to the upward channel, the data structure 
including a fixed data pattern in a first field of the data; 
and 

a cyclic adder in the master station for cyclically adding 
to each other the output from the second matched filter, 

wherein the synchronization is established, according to 
an output from the cyclic adder, in the first field of the 
data sent from the subordinate station to a second 
channel. 

3. A spread spectrum communication system according to 
claim 1, further comprising: 

means for separating in the master station a plurality of 
peaks from the output from the second matched filter, 

wherein signals which are sent from the subordinate 
station to the second channel and which are received 
via mutually different traffic paths with a time differ- 
ence therebetween are separated from each other and 
are demodulated to be then mixed with each other. 

4. A spread spectrum communication system in which a 
spread spectrum communication is conducted between a 
master station and a subordinate station, wherein: 

the subordinate station establishes a frame synchroniza- 
tion according to an upward reference signal transmit- 
ted from the master station, sends an upward control 
signal according to the frame synchronization, and 
derives a propagation delay time on a radio channel 
from a relationship between a downward control signal 
and the upward control signal, 

the master station notifies information of the propagation 
delay time via a downward channel to the subordinate 
station, 

the subordinate station transmits an upward data signal at 
timing in accordance with the propagation delay time, 
and 

the master station receives the upward data signal; 
said spread spectrum communication system comprising: 
a downward pilot channel for transmitting a reference 
signal in a direction from the master station to the 
subordinate station; 
a downward control channel for transmitting a signal in 
a direction from the master station to the subordinate 
station; 

an upward control channel which is spread by a spread- 
ing code having a repetition period substantially 
equal to one-symbol time for transmitting data in a 
direction from the subordinate station to the master 
station; and 

an upward traffic channel which is spread by a spread- 
ing code having a repetition period longer than the 
one-symbol time; 
wherein the master station comprises: 

a first matched filter for receiving the upward control 
channel, 

a second matched filter for receiving the upward traffic 
channel having a configuration for changing a coef- 
ficient thereof for each symbol, 

a mechanism which measures a propagation delay by 
comparing timing of a signal demodulated by the 
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first matched filter with reference timing used in the 
master station, and 

a mechanism which transmits information of the propa- 
gation delay to the downward control channel; and 
the subordinate station comprises: 

a mechanism which extracts the reference timing of the 
master station by receiving the downward pilot 
channel, 

a mechanism which receives the downward control signal 
and extracting the propagation delay measured by the master 
station, and 

a mechanism which transmits upward data to the 
upward traffic channel at timing in correspondence 
with the propagation delay extracted from the down- 
ward control signal. 
5. A spread spectrum communication system according to 
claim 4, further comprising: 

a data structure in the data transmitted from the subordi- 
nate station to the upward channel, the data structure 
including a fixed data pattern in a first field of the data; 
and 
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a cyclic adder in the master station for cyclically adding 
to each other the output from the second matched filter, 

wherein the synchronization is established, according to 
an output from the cyclic adder, in the first field of the 
data transmitted from the subordinate station to a 
second channel. 
6. A spread spectrum communication system according to 
claim 4, further comprising: 
} means for separating in the master station a plurality of 
peaks from the output from the second matched filter, 

wherein signals which are sent from the subordinate 
station to the second channel and which are received 
; via mutually different traffic paths with a time differ- 
ence therebetween are separated from each other and 
are demodulated to be then mixed with each other. 

* * * * * 
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